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Abstract
Cerebral palsy is a neurological

disorder caused by non-progressive brain injury

(or)malformation that occurs during perinatal stage. CP is caused by many factors like
premature birth infection in uterus, lack of Nutrional support during development, lack of
oxygen at the time of birth and genetic abnormalities. It affects muscle movement and
coordination. Main symptoms-visual and cognitive impairment. Stem cells are the precursors
for any cells. These are unspecialized cells which becomes specialized cells such as brain cells,
heart cells and muscle cells. Stem cell transplantation is a regenerative therapy that has the
potential to replace the damaged cells and non-functional cells in the brain of CP patients. From
the clinical trials phase Il data, it suggests that it’s beneficial in the patient with acute CP when
compared to chronic CP patients. Far more research is needed to determine the
appropriateness of this therapy.

Keywords
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INTRODUCTION

CP is a heterogeneous group of condition. Its defined
as non- progressive mortar disability due to an
abnormality of the cerebral hemispheres. CP is a
complex term used to describe abnormality in brain
due to perinatal brain injury [1]. CP is caused by many

factors like premature births, infections in uterus,
lack of Nutrional support during development, lack of
oxygen at the time of birth and genetic abnormality.
It causes various neuro-mortar deficits associated
with other symptoms like visual and cognitive
impairment [2][3][4][8].
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Cerebral Palsy

“Cerebral”

=
@

Among all the causes, most common cause is lack of
blood and oxygen to the brain during fetal
development (or) delivery. This is called as hypoxic-
ischemic insult. The highly affected cells are
Oligodendrocytes. Oligodendrocytes contains white
fat layer called myelin sheath. If there is any damage
to Oligodendrocytes, this eventually leads to the
death of neurons. The lost Oligodendrocytes can be
replaced with stem cells [5][9].
Epidemiology: -
The incidence rate is similar both in developed and
developing world. It's mainly common in poorer
people when compared to rich due to lack of
nutrition. Its incidence is 1.3 times greater in males
when compared to females. CP occurs in about2.1
per 1000 live births. [24- 26]
Types of cerebral palsy: -
Cerebral palsy is classified based on the motar
impairment of the limbs (or) organs and by
restrictions to normal physiological activity of an
affected person. Classification of CP is mainly based
on the gross motor function classification system.
The 3 main CP are

1. Spastic CP

2. Ataxic CP

3. Athetoid/dyskinetic CP

4. Nonspecific type is mixed type CP.
Cerebral palsy is also classified based on the
topographic distribution of muscle spasticity. In this
method the affected children are classified as

1. Diplegic (Bilateral involvement of legs is

greater than arms)

refers to
the cerebrum,
which is the
affected area
of the brain 4

refers to
brain injury’s
resultant
disorder of
movement

.
L3

2. Hemiplegic (Unilateral involvement)
3. Quadriplegic (Bilateral involvement of arms
equal (or)greater than leg)

Spastic Cerebral Palsy: -
This is the most common type which includes 70-80%
of the cases. The specific characteristic feature of
spastic CP is spasticity (muscle tightness) people with
spastic CP may also experience hypertonic and
neuromuscular mobility impairment (rather than
hypotonia (or) paralyze). This mainly occurs when an
upper motor neurons Simon the brain and
corticospinal tract(or) the motor cortex damage is
present. Due to this damage the neurons (or)nerve
receptors in the spine response to gamma- Amino
butyric acid is impaired. This leads to effects on
speech and bladder control.
Compared to other types, spastic CP is more easily
multitude of orthopedic and neurological fronts
throughout their lifespan. The early symptoms are
arthritis and tendinitis. The best ways modified are
physical activity and exercise If not modified with
non-pharmacologic Al treatments antispasmodic
medication like baclofen. Botulinum toxic (or)
neurosurgery named selective dorsal rhizotomy
(Eliminates the spasticity by reducing the excitory
neural response in nerves causing it) can be
performed.
Ataxic Cerebral Palsy: -
This is the 2nd most common type accounting
approximately 5-10% of total cerebral palsy. This is
caused due to the damage to cerebellar structures.
The damage to cerebellum leads to alterations in
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muscle movement and balance. They lack
coordination of their arms, legs and trunk this
decreases the muscle tone and most common
manifestation is action tremors, which is especially
apparent when carrying out precise movements, like
tying laces (or) writing with pen / pencil. The
symptoms progress to persistent movements like
making handshake. Due to this there will be difficulty
in completing their work.

Athetoid Cerebral Palsy: -

It is also called as dyskinetic cerebral palsy.
Sometimes it's abbreviated as ADCP. The major
affected region is basal ganglia and it forms lesion’s
during the development of brain due to bilirubin
encephalopathy and hypoxic-ischemic brain injury.
The major characteristics of ADCP are both
hypertonia and hypotonia. This is due to the loss of
individuals ability to control muscle tone. It can be
diagnosed within 18 months of birth and is primarily
based on motor functions and neuroimaging
techniques.

It is a non spastic extrapyramidal form of cerebral
palsy. ADCP can be divided into two different groups
choreoathetoid and dystonic. Choreoathetotic CP is
characterized by involuntary movements most
predominantly in face and extremities. Dystonic
ADCP is characterized by slow, strong contractions,
which may occur locally (or) the whole body.

Mixed Cerebral Palsy: -

It has symptoms of athetoid, a toxic, and spastic CP.
These three appears simultaneously but varies in
their degrees. This may be symptomatic (or)
asymptomatic. Treatment of mixed CP is very
difficult because it develops unpredictable
symptoms over the lifespan. [27-29]
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Diagnosis: -
It involves both physical examination as well as
histological examination. A general movements

assessment involves measuring movements. This
occur spontaneously in children less than four
months of age. Children who are more severely
affected are diagnosed earlier. Abnormal muscle
tone, delayed motor development and persistence
of primitive reflexes are the main early symptoms of
CP. Symptoms and diagnosis typically occur by the
age and it is a developmental disability.[30]
Treatment: -

Childhood therapy is aimed at improving gait and
walking. Approximately 60% of people with CP are
able to walk independently or with aids at adulthood.
Treatment may include one or more of the following:
physical therapy; occupational therapy; speech
therapy; water therapy; drugs to control seizures,
alleviate  pain, or relax muscle spasms
(e.g. benzodiazepines); surgery to correct anatomical
abnormalities or release tight muscles; braces and
other orthotic devices; rolling walkers; and
communication aids such as computers with
attached voice synthesizers.[31]

Stem cells are unspecialized cells. After
differentiation they become specialized cells. For
example, brain cells, heart cells (or) muscle cells
[6][7] later these stem cells undergo proliferation
into specialized cells called as brain cells [9]. Stem
cell transplantation is a regenerative therapy that
has the potential of replacing the damaged and non-
functional cells. They also provide support to the
oligodendrocytes and maiming neurons [3][9].

Embryonic Stem Cell (ESC)

-
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Potential Sources of Cells: -

1. Mesenchymal stem cells

Umbilical cord blood

CD34 cells

Fetal stem cells

Embryonic stem cells

Oligodendrocytes progenitor cells

progenitor cells

. Induced pluripotent stem cells

These are the potential cell sources which are being
used in experimental animal models. This involves
direct implantation of cells into brain parenchyma
(or) by a intravenous injection [8][10].
Mesenchymal stem cells (MSCS): -

MSCS are bone macro stromal cells. It is composed of
mixture of cell types. Only about 0.001 - 0.01% of the
cells in the bone marrow are mesenchymal stem
cells. They are capable of supporting hematopoiesis
by differentiating into multiple cell types. Bone
marrow is considered as the primary source of MSCS,
secondary are human umbilical cord blood and the

®NO U A WN
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small cell body with few no. of cell that are long and
thin. The «cell body «contains a large,
round nucleus with a prominent nucleolus, which is
surrounded by finely dispersed chromatin particles,
giving the nucleus a clear appearance.[32]

Umbilical cord blood (UCB): -

Umbilical cord blood was once discarded as waste
material but is now these are known to be a useful
sources of blood stem cells. In recent days UCB is
used as popular source of adult stem cells. It causes
fewer immune rejections or complications such
as Graft versus Host Disease when compared to bone
marrow. This means that cord blood does not need
to be as perfectly matched to the patient as that in
bone marrow. There are number of public and
private banks in US and other parents of world. The
collection of umbilical cord blood is somewhat
controversial because of the question on the utility
and preservation in private banks. The minimum
dose is 1x107 cells/kg. This dose is for cell
engraftment therapy. The total cells include not only

tertiary one is some other tissues like adipose tissue,  total nucleated cell fractions but also stem
amniotic blood, menstrual blood, perimetrium [4]. cells.[8][9]
Mesenchymal stem cells are characterized by a
CARTILAGE
BONE
Chondrocytes MUSCLES

Osteocytes \

TENDON
& LIGAMENT

Fibroblasts
FAT

2%

Adipocytes

il MSCs \
/|

MARROW %“?g
e

&= >

/ Myocytes

\ Fibroblasts
CNS

Astrocytes

Stromal cells

Embryonic Stem Cells: -

Embryonic stem cells (ESCs) are pluripotent stem
cells, derived in vitro from 4-7days blastocyte of an
embryo, isolated originally from the inner cell mass
(ICM). ESCs possess distinctive self-renewal capacity,
pluripotency and genomic stability. They are capable

of producing all types of lineages in the body. They
are promising cells for stem cell therapy. From the
very first derivation of ESC's the scientists are keenly
focusing of these cells in drug discovery,
regenerative therapy and immunotherapy. Due to
some ethical issues their use is restricted. [34,35]
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Mechanisms of umbilical cord blood therapy for neonatal brain injury
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Umbilical cord blood stem cells have multiple beneficial potentials for brain injury

CD34cells: -

CD34 was first described on hematopoietic stem
cells independently by Civin et al. CD34 cells are
usually collected by leukopheresis. CD34 cells are
found in bone marrow and umbilical cord blood.
They represent the subset of MSCS and are smaller
size. They are isolated based on the presence of trans
membrane brain glycoprotein as their surface
characteristics. CD34 cells may be obtained from
phlebotomy. Nonmobilized leukopheresis may yield
up to 10° mononuclear cells, affording approximately
5 million CD4L34 cells. [8,36,37]

Fetal stem cells: -

They are collected from fetal tissue. The utility of
these cells is not well depicted in animal models
Aftab et al demonstrated that retinal progenitor cells
from donor tissue of 16-18 weeks of gastrointestinal
period were able to integrate into host cells. The
main use is expression of rhodopsin [8].
Multipotent adult progenitor cells: -

MAPH are derived from bone marrow as well as
other tissue sources. Phenotype consists of
CD13+FIK1dim-, Ckit-, CD44-, CD45-, MHC classl-, and
MHC classll-. Upon differentiation they become into

mesenchymal cells. Visceral mesoderm,
neuroectoderm and endoderm are potential
[11][12].

Oligodendrocytes progenitor cells (OPC): -

OPC is also known as oligodendrocyte precursor
cells, NG2-glia or polydendrocytes, are a subtype
of glial cells in the central nervous system.[38] OPC
are delivered from fetal brain tissue, embryonic stem
cells(or) iPSC cells. They are precursors for
oligodendrocytes and are also able to differentiate
into neurons and astrocytes. After transplanting they
are capable of remyelination. [39]

Induced pluripotent stem cells: -

Induced pluripotent stem cells (iPSCs) are generated
from adult cells. This occurs by overexpression of
four transcription factors. They are Oct 4/3 (octamer-
binding transcription factor 4/3), Sox2 (sex
determining region Y), KIf4 (kruppel-like factor 4) and
c-Myc (Avian Myelocytomatosis virus oncogene
cellular homologue). The iPSCs at cellular level are
almost similar to ESCs. They are also having the
capacity of self-renewal, differentiation potential
and the ability to produce germ line competent
chimeras. Takahashi et al and Nakagawa et al have
generated the iPSCs from adult human
fibroblasts.[33]

Mechanism of action in cerebral palsy: -

1. Neuronal cell replacement

2. Astrocyte replacement

3. Microglial cell replacement

4. Blood vessel regeneration

5. Protection of intrinsic cells

6. Blockade of splenic release of inflammatory cells
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Three mechanisms through which stem cells have potential to exert

their regenerative effects

Cyst formation in the brain
after cell death

Scarring in the brain

Figure 5: (A) Stem cells can replace the lost and damaged neurons and oligodendroctyes.
(B) Stem cells can release growth factors that promote recovery of the injured brain. (C)
Stem cells can be modified to infiltrate and degrade scarring in the brain.

The stem cells will replace the damaged cells of nervous system. Only few numbers of adult cells displaying
functionality of nervous system. Replacement alone is not highly beneficial in the experimental situation.
When compared to adult stem cells, embryonic stem cells(or) iPSC have greater potential for replacement
and transformation [13][14][15]. The number of cells involved is quite limited and some may not develop into
the normal cells which are similar to cells in neuronal circuitry. The transplanted cells may also develop into
astrocytes (or)microglia and functional recovery is unclear [16].

Stem cell transplantations may help repair the brain damage in

individuals with CP

Cyst formation

Borlangal et al demonstrated that crude bone
marrow forms endothelial cells [17]. Mohamood et
al [18] used mesenchymal stem cell injection to
demonstrate that transplanted cells are likely to
increase the expression of nerve growth factor and
brain-derived neurotrophic factor after traumatic

Corticospinal tract

Stem cell transplantation helps
to repair the effects of brain

injury. Venderama et al showed that umbilical cord
blood (UCB) lessened the splenic release of
inflammatory cells which protects the brain [19]. In
addition to this concept walker et al demonstrated
that to injury. This improved the outcomes [20].
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Pre-Clinical Trials: -

The researchers are utilized various sources of stem

cells like Embryonic stem cells (ESC), mesenchymal

stem cells (MSC), induced pluripotent stem cells

(iPSC’s),neural precursor cells(NPCS)for extracting

the stem cells. The study revealed that stem cell

transplantation has improved the function of brain

and also suggests the positive outcomes in the

anatomical changes in brain.

Kids brain Health Brain Network Preclinical research

team, Dr.Michael Fehlings and Kermbil Research

institute, university health network and university of

Toronto are currently working on NPCS and iPSC’s for

treatment of cerebral palsy.

In preclinical studies, few problems to overcome are

improving stem cells life span in brain after stem cell

transplantation, reducing the risk of tumor formation

and the integration of transplanted cells into the

normal neuronal pathways [4].

Clinical Trials: -

Currently,12 clinical trials are going around the world

by using stem cells for the treatment of cerebral

palsy. Among in seven have been completed,lis

active but not recruiting and 4 of these are recruiting.

The mainly used cells are bone marrow delivered

stem cells (or) blood delivered mono nuclear cells.

Less commonly used are umbilical cord blood

containing UC-MSCS and HSCS. All these clinical trials

have passed the initial stages of clinical trials. The

interventions are correct dosage and safety of stem

cell transplantation [4][10].

Inclusion Criteria for Study: -

e 2-12yrs of age at the time of screening for
inclusion in the study.

e Non-progressive motor disability due to brain
distinction.

e  Gross-motor function score II-V

e Gender: -All genders are eligible for study
clinical phase [2].

Exclusion Criteria for Study: -

e Medical history of treatment brain injury

e Genetic disorders

e Renal insufficiency

e Hepatic diseases

e Immuno suppression

e HIV+ve

e Infusion related to neurological injury

e Interactive seizure’s

e Etiologies of degenerative and metabolic
disorders

e  Batten disease

e Leukodystrophies

e Neurotransmitter disorders

Int J Pharm Biol Sci.

e  Micro and macro cephalic, cortical malfunction

e Acute illness such as fever, vomiting, diarrhea
wheezing(or)crackles

e  Pulmonary disease requiring ventilator support

e Contraindications to MRI. [2]

Risk of Treatment: -

e Transmission of viral infections

e Causes of encephalopathy

e Risk of allogenic cells and Tumor formation
(4](8]

The primary risk of stem cell transplantation is due to
allogenic transplants which causes graft Vs host
disease in the recipient. Other complications include
malignancies, Heparin (or) cytomegalo viruses
infection [4]. Woodward et al [22] reviewed 500
patients to receive hemapoitic stem cells
transplantation for several diseases. Among them
30pts experienced encephalopathy, organ failure,
seizures, medication reaction, Acute disseminated
encephalomyelitis, stroke and thrombocytopenic
purpura [8].

CONCLUSION

Stem cell transplantation trails held in US and other
foreign countries revealed the benefits of stem cells
in the treatment of cerebral plasy. All the studies are
still ongoing with limited benefits like

e Changes in motor performance

e Changes in white matter tracts

. Repaired the brain damage by releasing growth
factor

Replace the lost and damage neurons

Along with these benefits the individual is leading his
life safely with decreased mortality rate. The risk
associated with the treatment are managed with the
use of some medicament.
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